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This document constitutes the semi-annual report for the  FIASA-sponsored 

institutional program i n  space-related sciences at the University of Florida. 

The program has been i n  operation since Bovaiber 1, 1963,and t o  date  ha^ 

invdved a t0-W. of 3s difperent projects in 10 science and engineering 

departments of the University. The present report concerns those projects 

that were active during the period May 1 t o  Boven&er 1, 1965. 

of the vork of the individual. projects were prepared by the appropriate 

principal investigators 

Descriptions 

It is of interest  t o  note that cf the projects active during the ab- 

period, AO1, m8, All and A12 ha= been completed, while A20 and A21 have 

Eceived M n g  from other sources. Thus f b d s  have been made available 

for  the inclusion of 6 new proJects, which became active as of Bwaiber 1, 1965. 

It should, perhaps, be pointed out that 8 additional new pro3ects were approved 

by the University of Florida. NASA Steering Cclllgnittee as highly qualified for  

support, but f’unds were not available t o  activate them. 
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1. Department: Physics and Astrcnamy 

2. Principal Investigator: A. G. Smith 

planet Jrrpi t e r  . 
For nine pars the Department of Physics and AstroncoqV has 
and anslyzing the decametepwwelength radiation fm the 
This program has resulted i n  nearly 50 publications in b e  

&d jaur&s, and a total of 26 graduate theses and dissertations. 

I n  the decameter wavelength range Jovian radio  signals are received as 
bursts of pulses. 
tenths of a second but occasionally a far more rapid popping o r  "spitting" 
occurs. More rarely, very slow pulses w i t h  durations of many seconds are  
observed. As long ago 88 1958 a brief experiment by Gardner and Shain 
raised a serious question as t o t h e  real origin of th i s  pulse structure. 
Two antennas 25 km apart were used fo r  sinnrltaneous reception of outbursts 
from Jupiter, and the signals were conpired by means of high-speed pen 
recordings. The records shuwed clearly that there were important differences 
in the signals received at the two sites. 

flonaally the pulse duration is of the order of 8 fev 

Somewhat la ter ,  similar but much more extensive observations were made by 
In the  Yale experiments the smith and Douglas at Y a l e  and by our own ~rorrp. 

baseline ranged from15 t o  100 Inn, w h i l e  we employed one baseline of 55 km 
and another of 7040 km. 
often the two signals were nearly identical, but at other times the pulse- 
to-pulse correlation w a s  qyite poor. 
w a s  essentially zero in all but a fev rare instances. A t  this great distance 
even the bursts of pulses often failed t o  coincide i n  time, so that there w88 
an alternating fading of the signal at the two sites. Since the average 
period of this fading was of the same order as the scint i l la t ion period 
observed for  radio stars (about 30 sec), it seemed reasonable t o  conclude 
that mch of the burstiness of the Jovian signal was due t o  irregularit ies 
i n  the local ionosphere. 
question of the origin of the individual pulses themselves. 
signtficant that changes i n  the pulse character frcw "noxxrd" t o  "spitting," 
o r  vice versa, often occurred almost sinazltaneausly a t  the two s i t e s  Over 
7000 km apart. 

Over the shorter baselines the results were variable; 

For the 7040 km baseline the correlation 

A t  the same time, tbis le f t  wen the importsnt 
It seemed 

The present study was designed t o  illuminate the v i t a l  problem of pulse 
origin by comparing Jovian pulse structure with scfnti l lat ion phenomena 
h a m  t o  be ionospheric in origin-in t h i s  case signals from radio stars 
and frcnnthe S-66 or BB-B beacon satel l i te .  

4. 
thraugh June, usiag the e q u i p n t  described i n  ear l ie r  reports. 
Morton, a master's candidate,asd Mr. W. F. Block, a doctoral candidate, 
continued routine observations of favorable passes of BE-B, and the observations 

Progress from May 1 t o  N o v e e r  1, 1965: Observations were continued 
Mr. W. A. 
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were also extended t o  B E C  following the launching of that vehicle. 
before, attention was concentrated of? the 20 Mc/sec signals, since they l i e  
i n  the center o f t h e  decametric band. 
the group were concentrated on analysis of the large accumulation of data 
and the formulation of conclusions. 
publications were also prepared. 

As 

Beginning i n  July, the efforts of 

As w i l l  be seen i n  Section 5,  several 

To quantify the investigation, a Jovian "pulse character" scale was 
evolved in which the character, Cy was defined as 1 for  "slow11 pulses, 
2 for  "normal" pulses, and 3 fo r  "spitting." 
defined for the satellite observations; on this scale S = 0 corresponded t o  
no scintillation, w h i l e  S E 2 represented scinti l lat ion so strong that the 
n o d  periodic modulation due t o  Faraday rotation w a s  to ta l ly  obliterated. 
C!mpanlsons w e r e  also made with the radio star data of Hewish and of Koster 

A comparable index, S, was 

and Wri@;hta 

In one important study, C, S, and radio star scinti l lat ion w e r e  plotted 
As expected, the sa te l l i t e  and radio s t a r  as functions of source altitude. 

scint i l la t ion indices increased as the altitude decreased. 
hand, Jovian pulse character seemed t o  be iadependent of altitude. 
study found the Jovian data lacking the strong diurnal variation displayed 
by the satellite and radio scintillation. 
clear-cut, the seasonal variation reported fo r  rad io s t a r  scint i l la t ion 
appeared t o  be missing i n  the Jupiter observations. 
experbent wae that  of making simultaneous 20 Mc/sec observations of Jupiter 
and S-66 when the two were near appulse. The results indicated a total lack 
of correlation between C and S. Taken in toto, the above cCanparisons 
suggest that Jovian pulse character is not determined by the same factors 
that  control the scint i l la t ion of satellite and radio star signals. This in 
turn implies that the local ionosphere is - not the source of the basic JOViaKi  
pulee. 

On the other 
A similar 

Although the results w e r e  less 

By far the most direct  

The foregoing conclusion is consistent with the suggestion of Douglas 
and Smith that the pulses originate in interplanetary space. 
course related t o  Hewish's discovery of "interplanetary scinti l lat ion" of 
radio stars of umlsually small angular subtense. 
t o  note that our study shows, at leas t  for  the one year analyeed, a marked 
dependence of C on the Sptem 111 longitude of the Jovian central meridian; 
the principal effect is a tendency fo r  fast pulses t o  be observed when the 
"B" source i s  on the centra2 meridian. 
least that type of pulse may originate at the planet itself'. 

This idea is Of 

However, it i s  interesting 

Th€s of course suggests that at 

It is believed that the present study has --wered begatively) the Q r f & a  
question of the relationship between the Jovian pulse structure and scint i l la t ion 
phenmens known t o  originate i n  the ionosphere. 
a significant contribution t o  t h e  important problem of the origin and 
mechanism of the Jovian decametric emission. 
accumulation and analysis of a large quantity of data cn the scint i l la t ion 
of satellite signals as a m c t i o n  of altitude, season, time-of-day, look 
angle, latitude and geomagnetic disturbance. 
suggested by this proJAct wlU. be puprucll &r &her funding, but since film 
i n i t i a l  objective has been m e t ,  no further support will be rcqcsted fo r  
Project AO1. 

I n  so doing it has made 

The pro3ect also resulted i n  the 

Certain l ines of investigation 
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5. Rtblications: 

Alex G. Smith, W. F. Block, W. A. Morton, Go R. Lebo, and T. I). Cam. 
"Influence of the  T e r r e s t r i a l  Environment on the Temporal and Stat ia t ical  
Characteristics of Jovian Decametric Radiation." 
Astranamical aad Sate l l i t e  Studies of the Atmosphere, Cambridge, Massachusetts* 
October lFU, 1965. (TO be published i n  Radio Science.) 

2nd Symposium on Radio 

A l a  0. Smith, G o  R e  kbo,  C. E30 018~012, W. F. Black, I?. F. Six Sna T o  D o  

Cam. 
Invited contribution presented at  the  NASA-sponsored ( X L T E C H a  Lunar and 
Planetary Confemnce, September 13-18, 1965. 
ings of the Conference=) 

"Jovian Rotation Periods and the Origin of the Decametric Burst Structu?x?.*' 

(To be published in the Proceed- 

W. A. Morton, Ionospheric Scinti l lat ion of the 20 Mc/s S+ s from the  
BE-B and 3EhC Beacon Satellites, M.S. Thesis, University of Florida, August, 
1965 

Alex G. Smith, W. F. Block, G. R. Lebo and T. I). Cam. "Tests  for Local 
Mcdulation of' Jovian Decametric Mssion." 
American physicel Society, University of Virginia. 
(Abstract to  be published i n  Bull. Amer. Phys. Soc.) 

Southeastern Section of the 
November 1-3, 1965. 
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PRaTECT A02 

OBSERVATIONS WITH THE AIiECIBO 1000-FOOT RADIO TELESCOPE 

1. Department: Physics anl Astronoq 

2. Principal Investigator: T. D. C a r r  

3. 
observations of' the planet Jupiter at 430 &/s with the 1000-foot reflector 
radio telescope i n  Puerto Rico t o  obtain information relating t o  the ratatlon 
period and magnetic f ie ld  of the planet, the synchrotron emission process, 
the Jovian Van Allen belts, and possible s o l a r  influences. 

Background: The primary obJective of this project is t o  make systematic 

4. 
theoretical investigations t o  account for the results of his  Jupiter observa- 
tions made i n  Arecibo during early 1964 and early 1965. A definite variation 
of radio intensity with respect t o  System III longitude w a s  found for  each 
ofothe two series of observations, but the later curve was displaced about 
30 
that a part of this displacement may have resulted frm the presence of a 
previously undetected variable circularly polarized component. 
and theoretical results wil l  be presented in  his doctoral dissertation, which 
is nearing completion. 
on Septexaber 30. 

Progress from May 1 t o  November 1, 1965: Mr. Frank Tiberi has continued 

toifard higher longitudes than the ear l ier  one. Mr. Tiberi believes 

His experlmelrtd. 

Financial support of Mr. Tiberi by the project ended 

The principal investigator worked a t  the Arecibo Ionospheric rnservatory 
frm August 7 t o  August 29 and from October 5 t o  October 30. 
future observations 09 Jupiter with the large radio telescope was submitted 
t o  the scheduling coaslittee and was approved. 
nev prograol, the principal investigator and Dr. Samuel Gulkis of the CorneU. 
staff' a t  Arecibo observed Jupiter during most of October at  430 Mc/s. 
purpose of the new observations was t o  determine whether the abnormally large 
lon&tude d r i f t  found by Tiberi has persisted, and t o  obtain a more accurate 
measurement of the rotation period or" Jupiter's magnetic field. Reduction of 
the data is  not yet complete. 

A plan f o r  

As th first  part of t h i s  

The 

The principal Investigator has started a design study of a polarimeter 
feed antenna t o  be used with the 1000-foot dish t o  measure the circular 
cmpments of the radiation f r o m  Jupiter at  430 Mc/s. 

5. Publications: 

Jorge May. Studies of the Radio Noise Bursts from Jupiter, M. S. Thesis, 
University of Florida, August 1965 (contains results of 6.3 k / s  Jupiter 
observations at Arecibo) . 

Samuel Gulkis. A Theoretical liiodel fo r  the E$lission of the Decametric 
Radiation from Jupiter, Ph.D. Dissertation, University of' Florida, April 
1965 (omitted from pxwtaus report). 

. .  . *  
* I  

. -  
: . .. 
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T. D. Cam and C. F. Tiberi. "Observations with the Arecibo 1000-foot 
Radio Telescope," Annual Meeting of the Southeastern Section, American 
Physical Society, Charlottesville, Virginia, November 2, 1965. 
be published i n  Bul. her.  Phy. Soc. 

Abstract t o  

6. k e e t  for  Period May 1 t o  November 1, 1965: 

Salaries $ 3,69Q*00 

Expenses 

T(n!AL EmEmmmm 
1,290.84 

$ 4,9&.84 
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PROJECT ~ 0 3  

AN IMVESTIGATION OF THE LOW-F€EQUI;SNCY ElcTREME 
OF THE JO'MAN RADIO S P E C "  

1. Department: Physics and A s t r o n q  

2. Principal Investigator: A. G. m t h  
Co-investigator: C. No Olsson 

3. 
made at the University of Florida, have indicated that a nrajor portion of 
the Jovian decametric energy probably l i e s  i n  the extreme low-frewency tall 
of the spectnun. 
of Occurrence increase as one goes toward the lower frepencies. 
significant changes occur i n  the apparent structuxe of' the decametric sources 
a t  freqpncies below 15 Mc/sec. 
t o  be more significant at  the lowest frequencies than i n  the remainder of the 
decametric spectnun. For all of these reasons it is  evident that  any serious 
attempt t o  develop an adeqmte theoretical. model of the emission process must 
rely heavily on data taken at  the la res t  possible frequencies. 

Baekgrouad: As explained i n  previous reports f o r  this project, studies 

Both the absolute intensity of the signals and the probability 
Ftnthermore, 

The polarization phenomena firthennore seem 

Unfortunately, the region below 15 k / s e c  is one of great experimental 
diff icul ty  because of bath natural and man-made interference as w e l l  as the 
opacity of the terrestrial ionosphere. The present project was designed t o  
investigate the advantages that might be gained by glacing the antennas i n  a 
site which is not only extremely well shielded, but also as remote as possible 
Tram all sources of a r t i f ic ia l  interference. A f ie ld  station has been 
established i n  a deep mountain valley i n  the Chilean Andes inland f r m t h e  
coastal c i ty  of LaSerena, and observations have been i n  progress since the 
surmer of 1964. 
interferometer with a baseline of 3,000 feet, an 18 Mc/sec steerable yagi 
antenna, a 10 Mc/sec broadside array and a 12 Mc/sec polarimeter. 
is manned by Chilean personne1,with the assistance of the University of Chile 
and occasional v i s i t s  by University of Florida personnel. 

The equipment a t  t h i s  station includes an %element 5 Mc/sec 

The station 

It should be pointed out that t h i s  f ie ld  s i t e  is regarded as an important 
back-up f ac i l i t y  for  the sa te l l i t e  receiver project that is under development 
by the radio astronomy graup under a separate contract with NASA (NASA-NASR- 
176). The satellite receiver, which is tentatively planned for an OOO f l ight ,  
w i l l  monitor channels at O,T, 1.0, 2.0 and 4.0 mc which w i l l  t i e  i n  extremely 
w e l l  with the 5 mc ground-based data. 
expected t o  be the primary problem i n  the space experbents, t h i s  ground back- 
up data is regarded as being of the utmost importance. 
development of a prototype sa te l l i t e  rrtdiaaeter has been completed and the 
engineering m o d e l  is undergoing tests at the University of Florida. 

4. 
accumulation of data has now been returned fromthe Huanta station t o  the  
University of Florida and analyzed. 
this analysis has been the demonstration of an unexpectedly high site influence 
on the 18 Mc/sec data. 

Since identification of radiation is 

A t  the present time 

Progress during the period May 1 t o  November I, 1965: A one year's 

One o f t h e  first results t o  come aut Of 

Althuugh the 18 Mc/sec listening condikions appear $0 
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be excellent most of the time at  the Florida station and at  the or ig ina l  
Chilean site near Santiago, the probability of receiving emission a t  the 
Huata  s i t e  i s  almost exactly double that at  either of the other si tes.  
During the optimum two months of the 1964-1965 apparition of Jupiter, the 
probability of receiving radiation frcm the principal source ("A") reached 
the unprecedentedly high value of 0.8. 
of reception fram t h i s  same source at  the Florida s i t e  and at the Santiago 
site w a s  0.4, 
apparition, the source "A" probability f o r  the Huanta s i t e  vas 0.5. 
and fo r  the Florida and Santiago s i t e s  it was  only  0.25, 
of 2 seems t o  be essentially independent of the t i m e  periods t h a t  are 
compared, This unexpectedly large factor substc&iates previous suspicions 
of the importance of the role of the site i n  decametric observation6 
even at frequencies as high as 18 Mc/sec, 

For the same period the probability 

Similarly, when the  results w e r e  averaged over the entire 

Thus the factor 

During the suIIzner of 1965 Professor C. N. Olsson and Dr. W. F- Block 
of the University of Flor ida  each spent approximatelytwo months at  the 
&anta station improving the instrumentation and supervising the taking of 
data. The station suffered some damage t o  antennas during the wind storms 
which roarked the unusually violent Chilean winter of 1965. 
danage w a s  quickly repaired and all channels are currently making observstions. 
Intensive monitoring of Saturn is a l s o  being continued i n  EUI effort  t o  determine 
whether that p l a e n t  is a decametric ekdtter.  
SeVeral papers have nau been prepared and r;reSented inzl.;lding the results 
of the observations at the  Ruarrta station. 

However, t h i s  

As noted i n  Section 5 ,  

5. Publications: 

G. R. Lebo, A, G. Smith andT. D. Carr, "Correlation o f t h e  Longitudes 
American of the Galilean Satel l i tes  with Jupiter's Decametric Radiation." 

Astronomical Society, Lexington, Kentucky, March 14-17, 1965. 
published i n  Astron. Journal. 70, 325.) 

(Abstract 

Alex G. Smith, G. R. Lebo, C. lY. Olsson, W. F. Block, N. F. S i x  and T. Do 
C a r r .  
Invited contribution presented at  the NASA-sponsored CALTECH-JPL Lunar and 
Planetary Conference. September 13-18, 1965. 
Proceedings of the Conference.) 

"Jovian Rotation Periods and the Origin of the Decametric Burst Structure." 

(To be published in Full i n  the 

Alex G. Smith, W. F. Block, W. A. Morton, G. R. Lebo and T. D. Carr. 

2nd Smyposium on Radio 
"Influence of the Terrestrial Environment on the Temporal and Sta t i s t ica l  
Cheracteristics of Jovian Decametric Radiation." 
Astronomical and Satellite Studies of the Atmosphere, Cambridge, MassachusettsJ 
October 19-21, 1965. (To be published i n  full i n  Radio Science.) 

Go R. Lebo, T. A. Anderson and A. G. Smith. "The Effect of 10 on Jovian 
Decametric Radio Ehission." 
Society, University of Virginia. 
in tk b r .  ~hye.-&c.) 

Southeastern Section of the American Physical 
NoveIllber 1-3, 1965. (Abstract t o  be published 

C. No Olsson, Alex G. Smith and G. R. Lebo. "Jovian Rotation Periods." 
Southeastern Section of the American Physical Society, University of Virginia. 
Nweniber 1-3, 1965. (Abstract t o  be published i n  the Bull. Amer. Phys. Soc.) 
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6. Budget for Period from May 1 to November 1, 1965: 

Salaries $J 7,913-32 

Ekpenses 6,326.28 

Capital Wpment  -0- 

TCYJ!AL EXPENDITURES $1h239.60 
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PROSECT A05 

1. Department : Physics and Astronomy 

2. Principal Investigator: F. E. Dunnam 

3. 
nuclear reaction parameters which are needed in  order t o  predict accurately 
the  nature of the nuclear processes taking place i n  s t e l l a r  interiors. 
many cases, quantities such as the reaction cross-sections must be knam 
before one can decide which of two competing reactions w i l l  take place. 
the process in 9es t ion  occurs eaxly i n  the l i fe  of the star, it w i l l  obviously 
have great influence on the subsequent chain of nuclear reactions. Our 
original proposal was t o  use the techniques of nuclear physics t o  measure 
such parameters as (1) neutron radiative capture cross-sections and (2) 
cross-sections f o r  production of l ight  mcle i  by proton bombardment of variaUs 
elements with the beam from a Van de G r a a f f  accelerator. 

Background: The primary purpose of these investigations i s  t o  measure 

I n  

If 

4. 
good neutron shielding i n  our experiment& area and the ready availabil i ty 

Progress from May 1 t o  November 1, 1965: Two factors, namely the lack of 

of a helium-& beam from our accelerator, have resulted in our a u p n t i n g  
the above program ivith some stusies of alpha-capture reaotions. 
of t h i s  process in s t e l l a r  element creation is  well kqm. In  particular, 
we are inv t i g a t w  the#xucture  of several so-c+bd "even-even" nuclei 

, I@ 
target. Ampara constructed by our group and mentioned i n  ear l ier  repods 
enables us t o  (1) produce thin targets by evaporation of practically any 
desired material, (2) t o  count and de temne energies of gama rays produced 
i n  any radiative capture reactions, and (3) t o  measure t h e  angular distribution 
of these gamma rays, thus deterraining the spin and parity of any excited 
nuclear states. sdak and P. N. Carlton have been 
studying excited states of S i  
hitherto unknown resonances i n  S z  at alpha energies of 3.315 and 3.370 
MeV, respectively. 
t o  the ground state i n  a single transition , 80 that  accurate deterruination 
of the spin and parity of these levels awaits angular 
men-cs, which we intend t o  perfom shortly. Beyond Si28r no one else appars  t o  
have naade studies of this type for alpha energies of 3.2 t o  4 MeV; we there- 
fore plan t o  explore this energy range thoroughly during the caning year. 

The fmpOrtanCe 

, ) produced by helium-4 bonibaxdment of an appraprlate (e.g- 14si 58 

W. A. Brutor-~&d. M. 

Our work t o  date indicatee that  these levels do not decay 

and Sy they appear to-have discovered two 

orrelation measure- 

28 W i l l i a m  Allen Bruton, A Stud.. of Some Excited States of the Si  I 
mUcleus. M.S. Thesis, Universit? of Florida, August 1965. 

6. Budget fo r  Period May 1 t o  November 1, l%5: 

Salaries $ 9,130.00 
Ekpenees 3r 960.56 
Capital Ecpipment 5 9 7% 00 

TcrrAL EXPENDITURES $18,881.56 



PROJECT A06 

1. Departments: Aerospace Engineering and Electrical Engineering 

2. Principal Investigators: M. H. Clarkson and B. E. Mathews 

3. 
techniques for rf-generated plasmas. 
but eqhasis is graduaUy shifting toward the use of these diagnostic 
techniques i n  obtaining a better understanding of the nature and chamwteristics 
of electrodeless discharges. 

BacBg ruund: The in i t ia l  purpose of t h i s  project was t o  develop diagnostic 
Work has continued i n  t h i s  direction, 

4. 
and three M.S. candidates from Aerospace Engineering, and two Ph.D. and one 

Progress from May 1 t o  November 1, 1965: Currently, there are two Ph.D. 

M.S . candidates from Electrical Engineering -workin;: ~ on the project . 
r e v i e w  of the various studies i n  progress follows: 

A brief 

(a) Probe Studies. A modification of the asymetric t r i p l e  probe 
technique described by Okudo and Yamamoto (Journal of Applied Physics, 
Vol. 3, No. 1, Jammry, 1960, p. 158-162) has been applied t o  electrodeless 
discharges. The results of this vork are t o  be presented at a conference on 
PhSIiladynarm 'cs i n  March. (See Sb below.) 

A magnetic f ie ld  probe has been constructed, calibrated, and successf'ully 
used t o  measure the f ie lds  produced by the excitation coils without a plasma. 
Tests are now under way t o  use this method i n  the desired plasma environment. 
Results thus far look hopeful. This study is the topic f o r  a master's thesis. 

A study of an electric f ie ld  sensor consisting of a small incandescent 
bulb, a fiber optic transmission line, and a photo-detector has been completed. 
A t  present, this method is not applicable in  a plasm environment, but it 
can be used t o  detect the effect of the plasma on the electric f ie  d external 
t o  the container. 
below. 

ik "his study is reported i n  the naster's thesis 5 l i s ted  

A radiofrequency mass spectroiileter w a s  designed, buil t  and used t o  determine 

In nitrogen N2+ and "+ w e r e  found in  approximately a+10 t o  1 
the positive ion species detectable i n  various plasmas. 
was found. 
ratio. In helium, He+ and were found i n  equal abmdance. 02 and If were 
also detected, but with an abundance abuut half' of the above. 
those cammercially available, and puxging of the systembefore introducing 
each gas was  done simply by pumping the system dmm t o  about 10-5 t o r r  and 
keeping it at t h i s  level for about 24 hours. The details  of t h i s  work are 
reported i n  5e. 

I n  argon, only Ar' 

Gases were 

(b) Analysis. The experimental set-up fo r  the plasma loaded wave guide 
has been completed, and standing wave patterns have been successfilly detected 
as discussed i n  the last report. However, since the plasma is nonhcmogeneous, 
with large axial variations within distances comparable with a wavelength, the 
mathematical relationship between the standing wave pattern and the plasma 
characteristics (electron number density and coUision frequency) is not easy 
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t o  obtain. 
nonhwogeneous plasmas. This progrm i s  a dissertation topic fo r  a doctoral 
student who has been conducting an analytical study for  the last few months. 
The study combines diagnostic techniques with propagation through media with 
spa t ia l  vsriations i n  electron rider density. 

This study leads one into the general area of propogation i n  

A second area of analysis involves the solution of Maxwell's equations 
With baun&8rg conditions corresponding t o  the electrodeless discharge. 
hss been done for the case of conductivPty decreasing parabolically frum a 
maximLun at the amter t o  zero Athe w a l l .  
between the w a l l  and the center depend on the average number density. This 
shows promise of becoming a use- diagnostic techniwe, and is the subject 
of a master's thesis now i n  preparation. 

This 

It was  faund that  phase differences 

5.  Arblications: 

(a)M. Clarkson, R. Field, and D. Keefer, "Electron Temperatures i n  Several 
RF-Generated Plasmas." Accepted f o r  publication by the Journal of the AIAA. 

(b)D. Keefer, M, Clarkson, and B. Mathews, "Probe Measurmnts i n  an Electrode- 
less Discharge." 
be held at the U. S. Navy Postgraduate School, Manterey, CaXifornia, March 2-4, 

To be presented at; the AIAA Plasmadynamics Conference t o  

19660 

(c)Roswell Edward Lee, Jr., Symmetrical Double Probe Pkasurement of an 
1 1  Master's Thesis, University of Florida, June, 
1965 

(d)Duane Ernest Bowyer, A Method fo r  Measuring Radio-Frequency Electric 
fields i n  a Plasma, Masterfs Thesis, University of Florida, August, 19650 

(e)Joseph Orley Lung, A Radio-Frequency Probe for  +,he Mass Anslysis of a 
Plasma, lulaster's Thesis, University of Florida, December, 1965. 

6. Budget f o r  P e r i d  of ~ a y  1 t o  November 1, 1965: 

Salaries $ 41,723.00 

ExpeIUSes 2,852.00 

Capital Eqyipment 5,025.00 
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PROJECT ~ 0 8  

BEZAVIOR OF LNFLATABI;E STRUCTURES 

1. Department: Engineering Science and Mechanics 

2. Principal Investigators: W. A. Bash and F. E. Ho 

3. 
a new and unique theory f o r  finite-nonlinear deformations of i n i t i a l ly  flat 
inflatable plates as well as inflatable shal low shells. 
include a consideration of thermal effects, as well as presenting an oder -  
of-magnitude analysis t o  determine w h i c h  of the many terms of the equations 
are the significant ones. Lastly, it was desired t o  solve these new 
governing equations f o r  several cases of practical interest, including free 
vibrations of inflatable shallow shells. 

Background: Briefly, the objectives of the study have been t o  present 

It was desired t o  

4. 
1 November 1965, a nonlinear large deflection theory fo r  an airmat shallow 
she l l  was derived by the use of tht: principle of minimum potential energy. 
It was assumed that  the facings w e e  nrthotrcpic nmbranes, and further that 
the faces were geometrically and iirelastically identical. "he thickness of 
the shell, however, was regarded as 8 -Jariablz. 
that the drop cords connecting the facings were evenly spaced and that  they 
were straight before and after deforrmation. Lastly, the internal pressure 
was taken t o  be constant with resp-ct -to the spatial variables describing 
the middle surface of the system. Funher, i t  was assumed that a l l  of the 
material i n  the system remained perf'ectly elaztic and that the change of 
intensity of internal pressure due tc temperature change was negligible. 
An ap2lication of the principle of minimum potential energy, together with 
an oder-of-magnitude analysis t o  systematically discard significant higher 
order terms, leads t o  the following group of five equations governing the 
motion of the inflatable shallow shell: 

Progress from rJby 1 t o  November 1, 1965: During the s ix  months precedixg 

Further, it was assumed 
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In the above equations the symbols N represent membrane forces per . 
unit length of the upper and lower face membranes; x, y, z are the 
rectangular Cartesian coordinates of the system, with the origin of the z-axis 
being at the middle surface of the composite system; the quantities designated 
by-% and% may be regarded as reduced body force components, defined as 
linear combinations of the body forces per unit volume of the face membrane 
and core multiplied by various lipear functior,s of the thickness of the 
facing and core; pC denotes the mass per unit volume of the core and/f 
represents the mass per unit volume of the face membranes (these m y  be 
combined in a linear combination with the core ..md face thicknesses to 
define a reduced mass density designated as P in the above equations). 

3 



Also, Z(x,y) represents the equation of the middle surface of the shell and 
2' is the man displacement of the upper and lower face. The components of 
the moment vector of any composite system are defined by M, the internal 
pressure by p, w h i l e  qi represents the surface loading per unit  area of the 
upper or lower face membranes. 
directions at a poiat i n  the middle of the core and on the lower and upper 
face layers, respectively, are denoted by u with superscripts 0, 1, 2. The 
qpantity;-. appearing in the above equations denotes a l inear  combination of 
these &titieso 
governiag baundary conditions, but they are omitted here for the sake of 
brevlty. Thus, the newly-derived system of nonlinear ecpations presents 
significana nonlinear terms describing finite displacements of inflatable 
shallow shells. 
system applies t o  a shallow shell of any geometry. An interesting variation 
of the &we equations can be obtained by introducing a stress M c t i a o  when 
the longitudinal inertial effects are neglected, i n  which case the five 
equations may be reduced t o  a systeu of four. In the case of a constant- 
thickness structure, the four f ina l  equations can be redaced t o  a system Of 
three equations. 
employed i n  this study is different from that used by McCamb, the above 
equations do not reduce t o  his. 

~ 

The displacement components i n  the principal 

The min.tnarm energy principle also yields equations f o r  

Obviously, since general coordinates are employed, the above 

Since the definition of the displacement components 

5. Publications: 

F. H a  Ho aad W. A. Nash. "A Large Deflection Theory of Inflatable 
Shallow Shells," t o  be submitted fo r  publication i n  the Journal of the AIM. 

F. H. Ho and W. A. Nash, "Nonlinear Free Transverse Vibrations of Inflatable 
Shallow Shells," t o  be submitted for  publication in the Journal of the A I M .  

6. Budget fo r  p e r i d  &y 1 t o  November 1, 1965: 

Salaries 8 8,006.41 

Expense 8-70 96 
Capital Equipment 2,123.50 



1. Department: Engineering Science and Mechanics 

2. Principal Investigators: J. Siekt;raFmn and I,, M. Habip 

3. 
dynamic response of a liquid propellant=ulla,ge-elastic container system, 
subgected t o  various steady as well as transient maneuvers of the space 
carr ier  following a given period of effective weightlessness. 
are -to detennine: 

Backgmurd: The purpose of this investigation is the determination of the 

The objectives 

(a) The relative equilibrium configuration and s tab i l i ty  of a rotating 
f in i t e  f luid mass under capillary forces, only, at  the axis of another rotating 
f luid,  including the effect of electric fields 

(b) The dynamic response of a vetting liquid enclosed i n  a rotating 
tank i n  a zero-g environment and subjected t o  various disturbing forces 

(c) The hydroelastic solutfon for %he sloshing of a liquid with a 
curved free surface i n  a cylindrical tank having a flexible bottom. 

4. Progress from ~ a y  1 to November 1, 1965: 

(a) EmploSng essentialls- the rate of spin of the liquid and the 
strength of the electric field as parameters, an analytic solution of the 
problem has been found fo r  a certain relation between these parameters. 
Nmcrical coqu%ations have been outlined and a physical interpretation of 
the results has been attempted. 

A study G f  the general case is presently under investigation. A prelimin- 
ary analysis indicates that the governing differential  equation of the problem 
can be transformed into an equation which has the stmcture of the so-called 
"radial wave equation" of qya&um mechanics. 
of this branch of mathematical physics are applied t o  obtain an approximate 
solution. 
variable has been studied, as well as the behavior of the solution for  smsll 
values of the independent variable. 

The well-established methods 

The asymptotic solution f o r  large veilues of the independent 

(b) A complete set of the perturbation equations for  the motion of an 
inviscid and incompressible f lu id  has been derived and is presently being 
applied t o  the problem. 
cumbersome calculations are t o  be e,qected even for the simple case of' a 
small, steady, transverse, disturbing force of constant magnitude. 

A detailed analyfiis revealed tha t  lengthy and 

(c) An approximate solution has been achieved for  the case i n  which the 
flexible bottom of the vessel, which is  assumed t o  be a circular cylindrical 
tank, consists of a clamped thin elast ic  plate of constant thickness. Math- 
ematical diff icul t ies  i n  Fulfilling buundary conditions of tb linearized 



. .  

17 

problem at the bottom suggested that the plate equation be solved approxi- 
mately. Possibilities t o  remove the above difficult ies are under investi- 
gat i on . 
5. 
mechanics in low gravitational environments has been almost completed and will 
soon be submitted for  publication. 
results of research related t o  part (a) is presently i n  preparation and w i l l  
be submitted for publication early next year. 

Publications: A review of the immense l i terature  related t o  f luid 

Further, a manuscript dealing with 

6 .  mag et for period of May 1 t o  November 1, 1965: 

Salaries s 815.94 

Capital Eqyipment 13-20 

Tulxr.l- $ 833.94 
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1. Department: MetaUurgical and Materials Engineering 

2. Principal Investigator: F. N. Rhines 

3. Packground: The present investigators have developed 8 procedure 
w h e r e b y  it is possible t o  separate grain boundary and matrix hardening 
characteristics i n  recrystallized alpha brass. 
a given composition by measuring macrohardness over a wide range of grain 
sizes. 
the intercept at zero area representing the hardness of a brass single 
crystal  averaged over a l l  orientations. 
c r y s t a l  may be subtracted f r m t h e  to t a l  hardness of the polycrystal t o  
obtain the hardness contribution of the grain bcundary. 

This is accomplished at  

Hardness is then plotted as a function of grain boundary area, wLth 

The fundmental hardness of the 

A. Grain boundary hardening i n  alpha brass a t  roan temperature: The 
contribution of the grain boundary t o  hardening was found t o  be a l inear 
f'unction of grain b&dary area fo r  t he  compfeze alpha brass series (95-65 
w/o copper). 
changes with camposition, showing a maximum at approximately 70 w/o copper. 

The slcpe of the hardness versus grain size relationship 

B. Matrix hardness in alpha brass at room temperature: The matrix 

This 
hardness, Le., hardness at zero grain boundary area, was obtained by extra- 
polation of the hardness versus grain size curve for each alloy. 
hardness shows very l i t t l e  change with composition. 
single crystal hardness does not change appreciably Over such a wide range 
of composition is w i t e  unexpected; it does not seem t o  conform with no111381 
solid solution behavior. 

The observation t h a t  the 

4. Prcgress frcm May 1 t o  November 1, 1965: 

A. Grain boundtry and matrix hardening i n  alpha brass as a f'unction of 
temperature: 
grain s i ze  was extended to three temperatures other than room temperature, 
these being "j', 573 and 873%. Hardness increase is  directly proportional 
t o  decreasing grain s ize  at a l l  temperatures investigated. 
ness decreases almost regularly as a f'unction of rising temperature. 
t rue a lso  of the grain boundsry contribution t o  hardening. 
grain boundary hardening at 70 w/o capper becam? less  pronounced at 573% 
and disappeared completely at 873%. 

The investigation of grain boundary hardening as a function of 

The matrix hard- 

The maximum i n  
This ie 

B. Relative grain boundary energies: 
1. Mercury ercbrittlemnt along grain boundaries i n  recrystallized 

alpha brass: The penetration of rcercury into the grain boundaries of brass 
is found t o  maximize at approximately 70 w/o capper. This measurement w a s  
made by immersing alpha brass specimens i n  liquid laercury at approximately 
473% for  48 hours. 
grain hardening and nie-rcury penstration. Since rnerculy penetration 

A t  this temperature there is  correspondence between 

is  beli:-ed. -LO be a mewure of grain boundary energy, it is suggested that 
grain boundary hardness is also a function of the energy. 



2. Dihedral angles of lead i n  recrystallized alpha brass: In another 
attempt t o  measure the relative grain boundary energy, seven specimens 
spanning the alpha brass al loys were prepared by adding 3 W/O lead t o  each 
composition, m e r  recrystallization the dihedral angles formed by the inter- 
section of grain boundaries with particles of what had been molten lead w e r e  
measured. 
673%, therefore the resulting analysis is  indicative of th i s  temperature. 
Since th i s  investigation is incomplete, no conclusions will be included 
i n  th i s  report. 

The last heat treatment prior t o  sectioning was approximately 

C. Replication of grain boundaries: Electron microscopy replicas were  

An analysis of these pictures is i n  progress. 
taken of mdom grsin boundaries on each specimen. 
from 5 , 0 0 0 ~  through 30,000~. 

Magnifications varied 

D. Grain boundary hardening i n  pure copper: Recrystallized specimens of 
various grain sizes are now prepared f o r  average grain diameter measurements. 
These specimens will ultimately be tested following the same procedure as 
with the alpha brass series. 
the range of investigation t o  include pure copper. 

This w i l l  add needed i n f o m t i o n  by extending 

5. Eudget for  period May 1 t o  November 1, 1965: 

Saletries $3,107.25 

Expenses 538.10 

Capital. Equipment 350.00 

TOTAL EXPENDITuRFls $3, 995- 35 
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PROJECT A l l  

1. Eepartnmt: Metallurgical and Materials Engineering 

2. Principal Investigator: Robert E. Reed-Hill 

3- 
influence of oxygen on the plastic deformation of zirconium. 
investigation was expected t o  contribute significantly t o  an understanding 
of the events leading t o  fracture in  al loys enibrittled by oxygen. 
oxygen system was chosen f o r  study because relatively l i t t l e  work has been 
done on i n t e r s t i t i a l  solid solutions based on parent metals of the hexagonal 
close-packed crystal structure. 
zirconium is 29 atomic percent i n  the temperature range of interest, y e t  
an early investigator of this system noted that only a few at.  pct. oxygen 
suppressed twinning and induced brittleness i n  his  alloys. 
work has been done at  t h i s  laboratory on the role of twinning i n  the plastic 
deformtion of zirconim, hence the interest  i n  the apparent alteration of 
twinning behavior by smal l  amounts of i n t e r s t i t i a l l y  dissolved oxygen. 

4. 
have been prepared from high purity zirconium plate. 
machined t o  the test specimen configuration, then oxidized i n  pure o 
600% and f inal ly  solution heat treated fo r  100 hours at 9oO°C at lOym 
Hg pressure. 
measurements of the la t t ice  parameters of the alloys. 
0 t o  4.18 at&c percent oxygen. 
were chemically polished prior t o  testing. 

k&FoLlnd: The objective of this project was  t o  investigate the 
Such an 

The z i r c o n i m  

The solid solubility l i m i t  of oxygen i n  

Considerable 

Progress frcan May 1 t o  November 1, 1965: Coarse-grained tensile specimens 
The zirconium was first 

en at 

The resultant compositions were determined by X-ray diffraction 
The alloys ranged from 

The gage sections of the tensile specimens 

Tensile specimens of six different oxygen concentrations were tested at 
five different temperatures: 
acetone mixture;  300% i n  a i r ;  373% i n  rbineral oil ;  and 500% i n  vacuum. 
These t e s t s  w e r e  conducted at a s t ra in  rate of approximately 3.3 x 10'5/sec. 
After the yield point had been passed and straining had been allcwed -to 
proceed t o  approximate g 0.5% plastic s t ra in ,  the s t ra in  rate was  suddenly 

stress . 

7'7% i n  liquid nitrogen; 193% i n  a dry ice- 

increased t o  3.3 x 10' t /sec. t o  obtain the effect of s t ra in  rate on f l o w  

The yield point measurements (0.2$ offset) revealed E. strong temperature 
dependence, which increased with oxygen content. 
zirconiumto which no oxygen has been added, the yield stress varied from 
14,000 ps i  at n% t o  7,000 psi at room temperature, w h i l e  the yleld stress 
of the highest oxygen alloy, 4.18 at. pct., varied from 118,000 ps i  (fracture 
s t ress)  at 77% t o  21,000 ps i  ai 500%. For intermediate o m e n  contents and 
t e s t  temperatures, it was observed that the yield s t ress  increased systemtically 
with oxygen content at a given pmperature. 
at  temperatures above about 550 K a l l  alloys would exhibit the same flow 
stress, independent of cxygen content. 
oxygen atams present t o  moving dislocations is easily overcome at 550W 
and higher. 

Tfius, f o r  coarse grained 

The data seem t o  indicate t h a t  

This suggests that  the barrier the 
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The measurements of the flow stress  increments due t o  sudden increases 
i n  s t ra in  rate reflect  the basic dislocation structure existing at  the time of 
the s t ra in  rate chauge. The stress increments,&;:, were f w d  t o  increase 
rather rapidly with oxygen concentration a t  a given temperature. 
magnitude of the effect can be seen +Imn the'fse-t t b t  for p ~ p s  ~ i r c c ~ m ~ , - r a n g e  
fram 350 t o  750 ps i  (at the various testing temperatures), while the 4.18 
at. pct, oxygen alloy exhibited values of 4 5fro.m 4,200 t o  10,200 psi. 
There seems t o  be no systematic temperature dependence of La' at a given 
oxygen concentration. 
tha t  the activation volu~lle decreases with the amount of oxygen present. 
suggests that either the dislocation density of the material is greatly 
increased by the presence of the oxygen at-, or that  the average pi-w 
distance of the glib dislocations is reduced, 
t ion modes have been surveyed. 
w a s  found t o  parallel closely-earlier observations by other ipes t iga tom,  
i.e., twinning on [10i2], [llu], and [I%%] planes, with [U211 planes 
predminating at l o w  temperatures, 
and there w a s  l i t t l e  evidence of any cross s l i p  mechanism operating, 

The 

!L'heoretically, the increase of A '' with oxygen indicates 
This 

The microstructural d e f o m -  
In the pure zirconium, deformation behavior 

Slip occurred primarily on [lo101 planes, 

A t  an intemediate oxygen content (2.5 at. pct.), the behavior was  
markedly different from pure zirconium. 
much less  frequently a t  Xawr temperatures, suggesting a more difficult  
nucleation mechanism. 
%sal s l i p  traces were frequently observed at a l l  -temperatures, but per;rtidarlY 
i n  the lower range. 
vavy, indicating a cross slip mechanism. 
plane w a s  identifiable and proved t o  be a [ lol l ]  plane, suggesting that the 
slip direction for Elom s l i p  planes is a < u ~ o >  direction. 

Twins form on [lI&] planes, but 

Also, the slip modes w e r e  rather drastically change-, 

In addition, these basal s l i p  traces were almost dways 
In gome cases the second s l i p  

A t  the highest oxygen content studied (4.18 at. pct.), b r i t t l e  behavior 
was observed macrosccpically at  lmr temperatures. However, electron micro- 
scape observations of the fracture surfaces Indicate that  a ductile type of 
fa i lure  actually occurred. A t  least one crystal embrgcing the fracture showed 
rather strong evidence of cross s l i p  on ( IDIO]  At the higher 
t e s t  temperatures where ductile_behavior was observed, microscopic examination 
indicated that twins of the [1012] type formed frequently. 
were again indigative of a cross s l i p  mechanism, bus the participating planes 
were of the [1010] -[loill 
levels. Again, the evidence strongly suggests (11207 as the s l i p  direction 
f o r  [loill pyramidal sl ip.  
slip traces have been observed but no evidexz of the sl ip direction for this node 
has been obtained. 
observed i n  one large grain, 
an orientation nearly that  of the basal plane, which hapsened t o  be nearly 
perpendicular t o  the strec- 
intersection with [lo&] I- - 

- [ lol l ]  planes. 
Wavy s l i p  traces 

type as compared t o  [ l O J l ]  - (o002) at lower oxygen 

I n  addition, a t  t3e highest test tempratures, [&I 
Finslly, a t  the hig3est teaperature, some cracks w e r e  

They apparently were u. *;eated i n  the matrix at 

-3s; but were prev-hed from spreading by t h e i r  
~ t- -5y existing i n  t. - gain. 

5. Publications: 
However, a d o c g r a l  di.ssertation is being based on tilis .research, and it is 
anticipated that one ox- more si&rAficai?t papers tri.11 result. 

6. 

No publications have yet resulted directly f r o m  th i s  work. 

Budget for period May 1 through November -I3 1455: - 
Salaries 
Expenses 
Capita3 Eqipment 

TWAL EXPENDITURES 

$ 2,154.00 
939.38 

2 350.53 
$5mx 
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1. Department: Metallurgical and Materids Engineering 

2. Principal Investigator: Robert E. Reed-Hill 

3- Backg round: 
of lovtempemture deformation and fracture i n  polycrystalline magnesium. 
Since the early stages o f t h i s  investigation, most work has been conducted 
on the room temperature plastic properties, as a number of unique and i n t e h s t -  
ing phenoueng occur i n  this temperature range. O f  primary concern has been 
[lob] - [1012] second-order twinaing. This double twinning mode, conanonly 
rei'erred t o  as E30341 twinning, is of practical significance, since partings 
often are observed along these lawllae,  and from these open up into grain 
boundary fractures. 
defomtions , 
the 130941 habit, which l i e s  ai an angle of 54' irith the basal plane. _This m e a n s  
that a habit shift of 8O occurs upon retwinning, since the primasy [loll] 
twin habit lies at 62O t o  the basal plane. 
mechanism here involved roay lead -Lo a bet-ker understanding of the irrational 
habits observed i n  martensite prGducts. 

The objective of this prodect is  t o  analyze the mechanisms 

Also, these twins are capable or undergoing large plast ic  
hereas, macroscopically speaking, polycrystalline magnesium is 

normally b r i t t  1 e at room temperature. Also of interest  is the morphology of 

It is thought t ha t  knowledge of the 

40 m E S S  frOm_ 3- 1 --I-- t o  November 1, 196% !RE orientation relationships 
associated witm303 1 t w i n s  are coiizplex. 
tha t  tk twin structures might be better understood if studied i n  single 
.-zystal specimens. Single crystal tensile specimens with the basal plane 
nearly parallel  t o  the tensile axis were tested i n  an Instron tensi le  testing 
lsachine at a s t r a i n  ra te  of .GO2 in./in./min. [3034] twins vere observed 
shorLly a f te r  yielding, and specimens tested t o  fa i lure  exhibited a t o t a l  
elongation of less  than one percent. 
twins. 
of shear for  [lOll] -[loa] twinning. 

For th i s  reason, it was thought 

A l l  failures occurred along second-order 
Observations were made on the (1gO) swfzce, since this is the plane 

Because of the small  size of these twins and the high magnifications needed 
t o  resolve the i r  internal structure, observations have been made on the electron 
microscope using the cellulose acetate-carbon double replica technique. These 
observations reveal that once a 130341 twin foms, it deforms internally a t  a 
rapid rate. The shear in these regions, measured by the offset of basal s l i p  
lines, is often of the order of several hundred percent. It is difficult t o  
account f o r  this large deformation i n  terms of the n o d ,  crystallographic 
s l i p  modes, Tor the external surface of these defomed twins reveals wavy 
flow lines c loselyparal le l  t o  the twin habit. It appears from th i s  t ha t  
these narrow twins are concentrating a high shear s t ress  along the i r  length, 
with a resulting viscous behavior of the internal matelid. 

It w a s  found that the regions near the twin t ips  were relatively undeformed, 
and it was here that  the actual -hrin structure could be studied. Observations 
reveal that  the macroscopic twins are composed of small, individual lamellae 
of the order of 1'4 thick and 5-lO,-" long. The habit of these individual 
lamellae l i e s  at  5O-52', but they align i n  such a manner as t o  produce the 
macroscopically observed b i b i t  at  54O. 
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The mechanism involved in the twin habit sh i f t  is still  not fully 
understood. 
crystallographic grooves along the basal plane trace. 
of matrix, primary, and seconda;ry twin volumes i n  the electron microscope. 
I n  adctition, a high density of matrix bend planes associated with the individual 
twin lamel lae  has been reveakd. A t  present, a mechanism is being conceived 
which would account f o r  the habit shift i n  terms of kinking i n  the primary 
twin and mstrix i n  such a manner as t o  accmodate the doubly twinned volume. 

An etching technique hes recently been perfected M c h  produces 
This allows identification 

5.  Eudget for Period May 1 t o  Noveniber 1, 1965: 

Salaries $ 2,092.B 
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A S m Y  OF FLUID (INCLUDING PLASMA) STATES OF IQXITEB 

1. Department: Physics and Astronomy 

2. Principal Investigators: A. A. Broyles and C. F. Hooper 

3. Backgraxnd: This program is developing methods of computing thermo- 
dynamic and other properties of f luids including plasms. 
are concerned with the eqyation of state, the scattering intensit ies of x-rays 
and neutrons off of fluids, and the shape and width of spectral l ines  frm 
hot plasmas. In addition t o  plasmas, we are considering liquid noble gases 
and liquid alkali metals; Our studies have started with classical systems, 
since they form the high temperature l imit  of quantum systems. 
developed f o r  these systems have been extended t o  quantum mechanical systems 
by working down from high temperatures t o  loir. 
properties of the ground state of liquid helium. 

Specifically, we 

Techniques 

Fle are a l so  computing the 

4 
of pair  potentials from liquid krypton scattering data f o r  neutrons at  various 
teWeratumS and densities. 

Progress from ~ a y  1 tqNovelliber 1, 1965: W e  have continued our calculations 

This work is s t i l l  i n  progress. 

An I E M  709 program is being cons-tructed t o  obtain the ground s ta te  wave 
function for  l i e i d  helium 
minimizing the energy, using a t r i a l  wave f'unction i n  the form of a Boltzmann 
factor with effective pair  potentials. This equation involves the asrmnrption 
that the bridge diagram in  the Mayer cluster expansion for  the radial 
distribution M c t i o n  can be neglected, We are developing means for  avoiding 
this last approximation, which is lmown t o  be poor in  certain applications 
of interest. 

It solves the equation obtained by Kiroike by 

We have obtained effective pair potentials f o r  ideal Bose and Fermi 
gases t h a t ,  when included i n  a classical Boltzmann factor, give a good 
approxination t o  the Slater Sum. I n  the case of the Fermi gas, w e  have 
covered the range from absolute zero t o  inf ini te  temperature. 
computed from these effective potentials are i n  error by, at worst, 8$; 
over most of t he  range the error is mch smaller than th is .  
f o r  the quantum, non-ideal electron gas at high temperatures and high densities 
have also been obtained t o  give approximate Slater Sums. !R-iis work is continu- 
ing and the methods are being improved. 

The energies 

Effective potentials 

Calculation of the radial distribution function fo r  the classical  electron 
gas has been c q l e t e d  for the temperature parameter 0 down t o  0.4, aad a paper 
c o V e w  t h i s  work has been approved f o r  publication i n  the  Journal of 
Chemical Physics . 

Our work on the calculaticn of electric microfields in  plasma has progres- 
sed t o  the point where f i n a l  results aye being collated and evaluated. 
Preliminary results indicate t+t the fomplibm and calculational technique 
that  we have developed is copsiderably more efficient thsh other previous ~ 

approaches, i n  that it i s  valid f o r  a much wider range of temperature-density 
parameters. 
t o  Strictly CpXltUm mechanical plasmas with the aid of effective potentials4 

The method is also more flexible, since it can readily be adapted 
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5 . Publicat ions: 

A. A. Broyles and A. A. Kahn. "Interatomic Potential of Krypton", 
American Physical Society, Washington Meeting, April 26-29, 1965, Bull. 
Am. PhyS. SOC. l0, 458 (1965). 

A. A. Kahn and A. A. Broyles. "Interatomic Potentials and X-ray Mf- 
fraction Intensit ies for  Liquid Xenon", J. Chem. Php. - 43, 43(1!%5.). 

A. A- Kahn and A. A. Broyles. "Effecitve Interatomic Potentials fo r  
L iqu id  H e l i u m  Above and Belm the & Point", Php. Rev. 3 Al865 (1965). 

D. D. Carley. "Recent Studies of the Classical Electron Gas", J. Chem. 
Phys. ( in  press). 

6 .  Budget for period May 1 t o  November 1, 1965: 

Salaries $ 53781.68 

Ekpenses including computing 9,246.50 

TOTAL E- $15,028.18 



1. 

2. 

PROJECT A15 

MOLECULAR BWd IPWTIGATIOPTS OF SURFACE REXCTIORS 

Department: Chemistry 

Principal Investigator: E. E. Muschlitz, Jr. 

26 

3* BWkglXUll d: In recent years, moleculw beams have been used with con- 
siderable success in  basic kinetic stud5es of gas phase reactions. 
molecular beam technique has a number of dist inct  advantages when applied 
t o  the problem of surface reactions. The surface under investigation m a y  
be oriented With respect t o  the direction of the incident molecules, the 
angulas distribution of the particles leaving a hot surface may be studied, 
and the identity of any active species produced (excited mdecules, atoms , 
o r  free radicals) may be determined before they are destroyed by gas phase 
or  w a l l  collisions. 
attempted. 
value with respect t o  a number of practical problems arising in  the space 
program, particularly i n  the  problem of re-entry. 
of yielding direct information regarding such surface properties as cataly- 
sis, residence time, and accomodation efficiency. 

The 

Very few studies along these l ines  have so far been 
Y e t  the information which may be obtained is of considerable 

The method is capable 

4. 
research has been constructed inside a large vacuum chamber approximately 
four fee t  i n  diameter and two feet high. 
is mounted, i n  the form of a ribbon, i n  the center of t h i s  chamber and heated 
e l e c t r i c d l y  t o  temperatures i n  the range 1000-2500%. 
source is  now under construction. 
surface w i l l  be identified using an Electronics Associates Inc. four-pole 
mass spectrometer. The mass spectrometer has been mounted so t h a t  it can 
be rotated about t h e  surface,irtilizing a gear and chain drive coupled t o  
a rotatable shaft extending through a vacuum seal in  the chamber w a l l .  
studies maybe made of the  formation of radicals as 2 function of angle of 
incidence of the molecular beam, the angle at which they leave the  surface, 
and the temperature of the surface. 

Progress from May 1 t o  November 1, 1965: The apparatus for  t h i s  

The surface t o  be investigated 

A molecular beam 
Molecules and radicals leaving the 

Thus, 

Construction of the apparatus, with the exception of the  molecular beam 
source, i s  cumplete, and construction of the source has now been started. 
It is  planned t o  incorporate i n  the source a glass capillary array, a new 
development i n  the production of high intensity mdleculsrr beams. The vacuum 
chamber and pumping system have been thoroughly checked, and a background 
pressure of 3 x 10-7 torr is routinely achieved. Preliminasy experiments 
using the mass spectrometer t o  identify the residual gas a t  t h i s  pressure 
have also been made. The ion intensities observed were such t h a t  no diffi-  
cult ies m e  expected i n  detecting and identifying the particles leaving 
the hot surface in  the experiments planned, provided the incident molecular 
beam i s  chopped and a 'phase sensitive amplifier i s  used i n  the detector 
circuit. 

Prior studies by Smith and Fite have shown t h a t  when a beam of hydrogen 
molecules i s  incident on a hot tungsten surface the  resulting hydrogen 



atoms come off with a cosine distribution. 
t h i s  system and t o  extend the measurements t o  D2 and HD. 
HD molecules incident on the  surface, it w i l l  be very interesting t o  obtain 
the relative production of H 
distinguish between D+ and H? it w i l l  be necessary t o  make  measurements both 
above and bel017 the appexrance potential, of D+. 
ally be extended t o  oxygen Etnd t o  nitrous and n i t r i c  oxides as w e l l .  

It i s  planned t o  reinvestigate 
In the  case of 

and D2 as a function of angle. In order t o  

The measurements Will eventu- 

5. No publications have resulted as yet from t h i s  research. 
It is hoped that the preliminary results t o  be obtained with H2 and D2 will 
be presented at a scientific meeting next spring. 

Publications: 

4. Budget for  Period M&y 1 t o  Bovember 1, 1965: 

Salaries $6,389 . 00 

lkpenscs 2,083.00 

Capital Equipment 1,494.00 

TOTAL EXFEXVDITURES $9,966.00 
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2. Principal Investigators: T. L. Bailey and B. S. Thomas 

3. Background: 
of electron and ion collision experiments, all of which are closely connected 
with space physics, More specifically, these are: 
getics and dynamics of ion-molecule reactions, of the general type A++= 
= @+C, and of collision-induced dissociation, such as Dz++Ar = D++D+Ar; 
and (b) studies of collisfons of electrons wtth molecular ions. 
complex apparatus t o  be used for  both the ion and electron collision experi- 
ments is ccanplete, and extensive studies of ion-neutral collisions have been 
carried out. 
Office of Scientific Research G r a n t .  

The research of this project consists of several types 

(a) studies of the ener- 

The rather 

This reseasch receives concurrent support from an Air Force 

4. 
induced dissociation reaction, D2++X = D++D+X, where the target X is He, 
Ar, 02, or Me have been carried out .With D2" ion laboratory energies i n  the 
range 20 (% (100 ev. 
collimated, m a s s  analyzed, velocity selected beam of D2+ ions into a region 
containing a ta rge t  gas of X &oms or  molecules at low density. 
arising from dissociation, which emerge from the target region at a given 
scattering angle, are then velocity selected, identified by mass analysis, 
and finally detected by means of an electron rrmltiplier. The experimental 
ertngement thus gives kinetic e n e r g  distributions of D+ pmducts, at ang 
selected scattering angle, and also angular distributions of the product 
ions. The observed product ion energy distributions exhibit two interesting 
Eectures: 
and (2) a d i fkse ,  lower intensity distribution, centered about the sharp 
peak. 
expression) vas found t o  be the mme over the  entire range of primary ion 
energies El, end d s o  independent of the target gas, within experimental 
error. 
that those ions contributing t o  the sharp kinetic energy peak are very 
strongly forward collimated, while those contributing t o  the diffuse peak 
m e  more broadly distributed i n  angle. 
and we me et present attempting t o  exiplah them i n  terms of various collfsion 
models, Although the q l a n a t i o n s  are far f r o m  cosplete, it is clear that 
the dissociation process cannot be regarded 3s a vertically-upward e x c i t e  
tion of D p  t o  the  repulsive state, D2++X = (D2+)*+X, followed by decomposi- 
t ion of the excited (D2+)*, (D2+)* = D++D. 
butions predicted by th i s  two-step model are quite different from those 
ac tud ly  observed. 
energy distributions also suggests th2.t there are 
for the reactions. 

Progress fman Mqy 1 t o  November 1, 1365: Studies of the collision- 

The experiment& method is t o  direct a w e l l -  

The I)+ ions 

(1) a sharp peak, centered at D' energy equal t o  ( E d 2  - o.28)eV; 

The position of the rnzxinum i n  the  s h q  peak (given by the preceding 

Studies of the angular dependence of the proc?uct D' ions has shown 

These results are most interesting, 

The D+ kinetic energy distri- 

The existence of both sharp and difFuse peaks i n  the 
distinct mechanisms 

Anbdss and energetic studies of the following ion-molecule reactions 
are i n  progress: 



5. Publications: 

( i )  D2++% = D2KF+H 

(ii) N2++D2 = N P + D  

( i i i )  Ar++D2 = ArD++D 

These experiments are not yet complete, but several interesting features 
are alrezdy apparent. In each case, the reactions seem t o  be proceeding 
by a "pickup" mechanism, in which the product ion leaves the collision 
region with essentially the same linear momentum as the incident grimary 
ion. 
tributions, at a fixed scattering =@e, show pronounced s t q c t u r e  which 
i s  believed t o  arise from vibrational excitations of the ArD molecule. 
With further refinement o f t h e  experinentd. method it should be possible t o  
measure the vibrational level spacings of ArD+, and other molecules, with 
consider&le accuracy. From its success thus far, it is  believed that  the 
present asperiment i s  a potent idly powerful tool for studies of molecular 
structure, as w e l l  zs of the dynamics of r e x t i v e  collisions. 

fn the case of reaction ( i i i ) ,  the ArW product kinetic energy dis- 

T. L. Bailey, R. L. Champion, L. D. Doverspike, and J. J. Leventhal. 
"Angulsr and Energetic Studies of Reactive Ion-neutral Collisions," 
Paper presented at IVth International Conference on the Physics of Elec- 
tronic and Atomic Collisions, Quebec, August, 1965. 

R. L. Chanpion, T. I,. Bailey, md L. D. Doverspike. "Collision In- 
duced Dissociation of D2" i n  Various Gases," Paper presented at S.E. 
Section Meeting, Am. Phys. SOC., Chaslottesville, Virginia, i?ovenber, 1965. 

6. Budget for Period May 1 t o  November 1, 1965: 

Salaries $ 775.00 

w e n s e s  2858.42 

C a p i t a l  Equipment 2224.03 



1, Department: Nuclear Engineering 

2. Principel Investigator: Robert E. 

3. 
problems associated with opercttion of nuclear reactors i n  space as a primary 
source of power for propulsion and electrical  p.?er, 

3ackgmun d: This investigztion is concerned with sone of the peculiar 

4. Progress fram MLay 1 t o  November 1, 1965: 

PmDm €uaEmmcE ADmm coplTTRoL SYSTEM 

Work has continued in  applying m o d e l  reference adaptive techniques t o  
control of a nuclear rocket engine. 
control system employs a m d e l  which embodies the design specifications for  
the system t o  be controlled. A command input i s  applied sirmrltaneously to  
the reference model as w e l L  as t o  the bmic control loop. 
i s  cornpared with the reference model output, and a signal representing the 
error bettreen actual and desired performance is  made available. 
ment for  parameter adjustment is  determined by generating functions of the 
error, and parameter-variation conmtands are sent t o  parameter adjustment 
devices i n  the control system. Thus the controller "adapts" or changes in 
such 2. manner that the system output closely matches that of the model, 

As the name implies, the model reference 

The system output 

Require- 

Adaptive control techniques are particularly veil suited for systems 
with dynamics t ha t  are not thoroughly understood, and with characteristics 
t h a t  may be dependent upon environmental conditions, 
may 'selong in  t h i s  category of system, hence the need for t h i s  control 
systems study. 

P3uclear rocket engines 

Computer simlat ion is  essential for  design and analysis, since the 
problem i s  too difficult f o r  conventional analysis. 
i n  th i s  research is the Applied Dynamics AD& general purpose andlog com- 
puter, which is housed in  the  Department of Euclear Engineering. 
report period, a nuclear rocket engine complete with conventional feedback 
control system has been simulated, 
loop containing the reference mdel Elnd the parameter &.justmat neclrsnisass. 
More than &'& of the computer's operational amplifiers are being used in 
t h i s  siraulation. Some measure of self-adaptivity has been noted, and 
preliminary results are encouraging. 

The computer being used 

During th is  

To t h i s  has been rdded 823 adaptive 

A t  present, close attention is being given t o  design of the reference 
Computer simulation indicates tha t  a second order model with E model. 

zero i n  its transfer function best represents the desired performance of 
the nuclear rocket engine. 

In the near f'uture, response of the nuclear rocket engine w i l l  be observed 
as certain engine characteristics me  varied. This ~Ji l l  be first performed 



. .  1 

I .  31 

under conventiond feedback control, and then under model reference adap- 
t i ve  control. 
determine the advantages, if  any, trhich accrue from application of the model 
reference technique. 

Perfonnances of the two control systems w i l l  be compared t o  

Problem Descripticjn I 

Given &. = fi(%,X2,U,t) i = 1 , 2  1 

vhere xl 5 n, x2 I c and u is t h e  control variable. 

2 

i=l 

Construct a Hamiltonian 

H(x,u,p,t) = L Pi(%) ;,(q,x,,u,t) 

where P(t) is t h e  d l i e u y  vector. 

Auxiliary functions are now defined as: 

$t) = - 3 H(x,u,p,t) 

i SX 

‘Ifhe problem at hand is, given B(t=O) and c(t=O), t o  obtain the response 
f o r  n such that n(T) = an, and n(T) = 0, satisfying the performance c r i t e r i a  

(4.) 

In the previous report it was nentioned thct the akovc ,oundary eon- 
Litions at the f i n d  time vere satisfied by varying the i n i t i a l  conditions 
on the auxiliary Ibctions.  
developed t o  exploit the hybrid capa d l i t i e s  of the AD-%) andog computer 
so as t o  arrive at siinilar results by an i terat ive procedure. 

Since the last report, a logic system has been 

The updating equations used fo r  the i terat ive procedure are:  

2 K22 C$(T) - G(T)] ( 6 )  

The values obtained from the time response of the auxiliary functions 
at t = T have ,&!.so been used t o  solve the system equations optimally by the 
numerical technique of quasilinearization on the l3Y=IT)y computer. 
results are i n  close agreeacnt. This problem is being applied t o  a nuclear 
rocket reactor system with tempereture f eedbacl; znd hydroZen density 
coefficient of reactivity. 

The 



. .  

5. Publications: none t o  date; three dissertations underway. 

6. Budget for  Period M a y  1 t o  November 1, 1965: 

Ec_ruil?ment $ 2 0 , 3 ~ . 0 0  
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PHOT0ELM;"rRfC PHO'IVbETRY IN THE STUDY OF ECLIPSING VARIABlZ STARS 

1. Department: Physics and Astronomy 

2. Principd. Investigator: Km-Yu Chen 

3. 
bepn in the fall of l$h. 
ville, Florida, contains a 12.5-inch 1pewtonian reflector with a photoelectric 
photaaneter head, a DC amplifier, power supplies, and a strip-chart recorder. 
The study consists mainly of four parts: 

B a c k g r w n  d: A program for  the study of eclipsing variable stam 1383. 
The observatory, which i s  located at Gaines- 

(1) Determination of atmospheric extinction coefficients 
(2) Olservations of selected eclipsing variables 
(3) Reduction and analysis of the observed data 
(1:) Improvement of theories reg?zding t o  the 2hysical nature of these 

s te l ls  systems. 

11. 
extinction coefficients, R. €3. C a r r ,  a graduzte student, made observations on 
beta Pegasi, delta and epsilon Andromedae, alpha and gamna T r i m g u l i ,  and 
35 Arietis in tbree colors (UBV), 
frm 110 t o  €33. 
angle and the secant of zenith distance for s ix  st,vs of given declinations. 
The range of hour angles in these tables i s  kmn zero t o  seven hours, with 
an increwent of one minute. The values of these tables were obtained from 
the ID4 709 located at the University Computer Center. 

Progress fron May 1 t o  November 1, 1955: In  determining ztmospheric 

The spectral types of these stars range 
A computer program w a s  written t o  se t  up tables of hour 

A second grackazte student, 3'. A. Herrero, is doing a theoretical study 
of the reflection effect i n  eclipsing variables. 
of the stms i s  considered t o  be spheric& and the  stms w e  considered t o  
radiate as black-bodies. 3 t h  Nr. C a r r  ~ n d  M r .  Herrero were one-third-the 
research assistants on th i s  project during the period of the report. 

In h i s  study, the shape 

K-Y Chen is continuing the work of photoelectric photometry of selected 
One of the stars &served i s  BV-523. eclipsing vaidbles. 

SX Czssiopairme is nlso bewg contiaued. Tile University has now received 
f r o m  the N a t i o n a l  Science Foundation a Science Development Grant of $4.2 
million, including funds for atelescope of approximately 30 inches aperture. 
A study of available instnrments i s  underway and it is  hoped that  t he  con- 
t r ac t  may be l e t  soon. 
add greatly t o  the work of th i s  project. 

Observation of 

When av&Lable, the newer and lasser telescope w i l l  

5. Publications: A paper entitled "Photoelectric Photometry of hhi Bootis," 
was presented a t  the Thirty-second Meeting of the Southeastern Section of 
the American Physic& Society by I<-Y Chen and D. A. RekenC'naler. 

Budget for  Period May 1 t o  Roveinber 1, 1965: 

Salmies 
FXpense 
. mIEExPmITUREs 



PROJECT A20 

A THEORGTICAL AND EXPERlMFduTAzI INVESTIGATION OF OPTIMUM EXPEXlXEFfAL COmDITIQNS 
FOR ANALYSIS OF ATOMS BY ATOMIC EMISSIOI? AM, ATOMIC ABSORPTION FLAMl3 SPECTROMETRY 

1. Department: ChdStry 

2. Principal Investigator: J. D. Winefordner 

3. Baclr;Cpulund : Atomic emission and atomic absorption flame spectrometry 
are two of the most accurate, rapid and sensitive methods available fo r  
quanitative analysis of metals. 
dit ions for analysfs has up to now involved a nearly colnpletely m i r i c i l  
approach; Le., optimum qe r imen ta l  conditions are normally determined by 
a trial and error process which is  not only time consuming but often is 
higbly inaccurate. This project is therefore concerned with a systematic, 
theoretical approach t o  the selection of optimum experimental conditions 
for the  measurement of any element by an experimental system using atomic 
emission and atomic absorption flame spectrometry. 
experimental conditions, the greatest signal-to-noise ra t io  w i l l  result, 
and therefore the greatest sensitivity and accuracy of measurement. 

The selection of optimana experimental con- 

By the choice of opthuurn 

4. During this  period, a Fortran 
program was written t o  allow cdculetion of the agproximate t o t a l  half- 
intensity l i n e  widths of several l ines  for a number of atoms i n  some comrum 
analytical flames. By m e a s  of t h i s  program, t o t a l  half-Intensity line 
widths of any atandc spectral l ine can be calculated if sufficient spectral 
and flame ~(mrpositioaal data are available. Calculations of t o t a l  half- 
intensity l i ne  Widfhs of l i n e s  of sixty elements in f ive different flame 
tyyes have been made and the data have been tabulated. 
intensity line w i d t h ,  &AT, i n  Angstroms, i s  related t o  the Doppler half- 
intensity l i ne  width, AiL D, the natural half-intensity line width, f . f i  N, 
the  resonance half-intensity l ine  width, &R, and the  collisional half- 
intensity l i ne  width, &-, by 

Progress from M a y  1 t o  November 1, 1965: 

The t o t a l  half- 

The values of &AT were found by evaluating /J;b, Ab, fiAR and 

various l ines  of sixty elements i n  f ive  different flames. The importance 
of this study is as follows. I n  atomic absorption flame spectrometry, St 
is necessary t o  use a spectral source with a l i n e  width narrower than the 
half-intensity width of the absorption l i n e  Width of the atan being studied 
t o  prevent loss of sensit ivity and deviation fromlinear i ty  i n  the analytical 
curve. When using wide l i ne  sources or continuous sources for atomic 
absorption flame spectrometry, the spectral band width of the  monochromator 
and the helf-intensity width o f t h e  absorption l i n e  must be known i n  order 
t o  estimate the decrease i n  sensit ivity of analysis as compared t o  an 
inf ini te ly  nmow emission l ine  from t h e  source. Therefore, i n  atomic ab- 
sorption measurements, 8 howledge of the half-intensity absorption l i ne  
widths i s  of considerable analytical importance i n  the  choice of spectral 
lines, i n  the design of instrumentation and i n  the prediction of shapes of 
analytical curves. 

for 

In atoapic emission flame spectrometry, the width of the 



enission l ines  is import'mt i n  theor2tica.l studies such 2s estimation of t h e  
tot i i .  Gbsorption or  the intezrated intensity of z sIIectr33 line. 
of hdf-intensity l i n e  v id ths ,  hocrever, i s  certainly of less practical value 
i n  ,tomic emission €lame spectrometrj than i n  ztomic :#bsorl_.tion studics. In 
the  new a - ly t i ca l  method of &omic fluorescence f l m c  spectrometry, a know- 
ledge or" absorption l ine  tJidths of atoms i n  flames, .s w e l l  as source l i n e  
widths, is  needed i n  order to choose properly t h e  optimum spectral l ines  for  
study, to decide on the best eqerimcntal systcm a d  to predict the influence 
of experimentel conditions a d  the l i m i t  of detectzbility. 

k knowledie 

Other studies ini t ia ted durinz the above period include the following. 
A n  eqerimentzl study is  beins carried out involving the measureaent of 
coll isiond. hdf-intensity l i n e  widths,nAc, coll isional cross-sections, 
.-,c, md damping constdnts, 5;, for various sgectral l ines  of 8 number of 

atoms. The damping constmt, a, i s  dcfined by 

In  order t o  estimate_totfi hdf-intensity wLdths 02 spec t rd  l ines,  it i s  
necesszry t o  know The iml;ortmce of such inensurements i s  mentioned 
i n  t h e  above pru'scgaph. An experimental study involvins lonz absorption 
psLth lengths ;or atomic absowtion ;lame spectrometric studizs is  also bein;; 
carried out. 
t h e  Time gases t o  extend iiow-n a + x t z  tube. 
residence time of any given ztom i n  the absorption l&h, which results i n  
increased sensit ivity of xmlysis. By means 02 such studies, it should be 
lossible  t o  deternine elemnts in concentrcltions as low L:S 10': grams per 
n i l l i l i t e r  03 solution. The need. for  highly sensitive, xcurGte methods 
?or trace analysis 02 elements i n  a vdriety of smqAes i s  certainly great. 

In  th i s  problem, the f L a e  i s  extended i n  len&h by allowin3 
This results i n  an increased 

5.  Publications: 

M. L. Pr+rsons, W. J. McCxthj, J. D. Uine2ordiier. "&,roxiwtc Hdf- 
Intensit3 Widths of t~ Number of Atomic SI ,ctral  Lines Used i n  'Aomic mission 
and Atomic Absorption Flame Spdxometry," submitted t o  .'IJplied Sj ectroscopy 
Journd. 

6. Bud: e t  f o r  Period Mzy 1 t o  Novsmber 1, 1755: 

S i l 2 r i Z S  
Ekpense 
C a p i t a l  Equipment 

$2,400.00 
- c  

123.57 
1,241.20 



1. Dep9I.tme nt: Physics and Astroncany 

2. Principal Investigator: A. E. S. Omen 

3. pragre 8s in the P e d a l  May 1 t o  Bovember 1, 1965: The work accompUshed 
t o  date mder A21 hss been highly rewarding, especially considering the very 
mest nature of the expenditures (@.500). ~e b v e  esterbliahed the fact 
that the theoretical work on meson theory of nuclear forces carried art by 
the senior investigator in 1949 contains the s~me pseudoscalar, vector and 
Scalar mesozl8 utilized by several groups during the past year. Inserting 
recently-discavered meson masses into OUT old theoretical expIlessians, we have 
derived a set of nucleon-nucleon potentials which agree favorably with 
phenomenological nucleon-nucleon potentia3.s recently inferred fropn nucleon- 
nucleon data. 
respects fran the recent work of Bryan and S c d t :  (1) They did not have 
velocity depexxlexxt terms in the i r  central potentials; (2) they u tu ized  8 
500 MeV scalar meson, whereas we use a meson comparable i n  maes t o  the GI 
meson (Le.  (w 700 MeV.). 
they hpnre nuw found the missing velocity dependent terme, which agree 
identically with our own. 
a scalar =so11 is now favoring the 700 MeV value re@& in  our theory. 

Cur work (see h h  8 Phys. Rev. Letters) differed i n  two 

The fonaer difference has been resolved, in that 

Recent experimental evidence on the existence of 

The OFPice of Scientific Research has recently awarded a substantial 
grant for the continuation and developeat of this theoretical progrm. 
Hence we w i l l  req11x-e no firther support from the NASA Insti tutional Grant 
for  this research. 
Grant will blossan and yield a rich harvest i n  ftmdamental knowledge. 

We hope that the "seed corn" prcrvided by the Institutional 

4. Publicatione: 

A. E. S. Green and R. D. Sharma* "Velocity-Dependent Nucleon-Nucleon 
fnteractian," Bull. Amer. Phys. Soc. 10, 7'l (1965). 

Bull. her. Phys. Soc. - 10. 448 (1965). 

5- Budg et for period May 1 to November 1, 1965: 

A. E. S. Green and R, D. Sharma. "Mesonic Nucleon-Nucleon Potentials," 

Salaries $ 4- 

Capital esluipment -0- 
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fM)RCYI?IERMODymAMICS OF A pLANE.mm JET 

1. Department: Aerospace Engineering 

2. Principal Investigator: Knox Millsaps 

3. B a c 4 m x m  d: One of the classical situations i n  f luid dynamics i s  the 
laminar f l o w  of a f lu id  through an opening into the same fluid,  which has 
no secondary mtion; or, t o  be more precise, an analytical description of 
the flow resulting from the continuous application of a force either at a 
point or  along a l i n e  in  a f l u i d  medium. 
two different situations, respectively, a6 the "round" and "plane" je t .  

It is  traditional t o  refer t o  the 

First ,  for  the case of the plane j e t ,  Schlichting reduced the boundary 
layer equations t o  an ordinary d i f f e ren t id  equation, which he then treated 
by continuous joining of apower series from the  origin with an asymptotic 
expansion; unfortunately, Schlichting also made numerical errors. Bickley, 
i n  i? truly remarkable paper, then showed that  the involved treatment by 
Schlichting was unnecessary by exhibiting a closed form solution t o  the 
ordinary differential equation in  terms of hyperbolic functions. 
Bickley's solution t o  treat with a s imi la r i ty t ransfomt ion  the associated 
heat transfer problem, i n  which the usual thermal boundary layer assumptions 
are made and i n  which all effects due t o  viscous dissipation are neglected. 
The attempted experimental verification of the hydrodynamics by Andrade 
yielded only "tolerably good results," and in view of the philosophical stakes 
it seemed that another attempt a t  an admittedly diff icul t  experiment would  
be worthwhile. 
problem do not exist. 

Y i h  used 

As far as is known, reliable data on the heat transfer 

For the round j e t ,  Landau has given an exact solution, in closed form, 
t o  the complete Navier-Stokes equations for  the  hydrodynzmic problem; and 
Squire has given a closed form solution t o  an approximate energy equation 
for  the associated heat transfer problem. 
for  the thermal distribution i n  a round j e t  can be crit icized on exactly the 
same ground as the solution by Y i h  f o r  the plane je t .  
exact solution for Squire's H e n  would seem t o  be more interesting, in 
that the h y m a m i c  solution is  an exact solution of the mavier-Stokes 
equations, whereas the plane j e t  has been solved only with the boundarY 
layer hypothesis; on t he  other hand, the plane j e t  maybe the more interest- 
ing example because of the wider applicability of boundary layer theory. 

Unfortunately, Squire's solution 

On one hand, an 

In & frequently-quoted paper, Andrade and Tsien have reported on an 
experimental determination of the velocity distributions in  a round j e t  
made by photographing the paths of aluminum particles during measured 
intervals. Their camparison of the results of theoretical an-sis and 
experiment& data w a s  based on calculations by Schlichting, who used boundary 
layer assumptions. 

4. 
t r ied t o  improve the experimental data of Andr8.de for  the hydrodynamics of 

Promess from May 1 t o  November 1, 1965: M r .  I>. C. Daniel has recently 



a plane laminas imcompressible j e t ;  unfortunately, because of mechanical 
vibrations and a poor space-time differentiation technique, Daniel's data 
axe not substantial hprovements on the previous attempt by hdrade. The 
experiment will have t o  be repested with much greater care and attention 
t o  detail. 

Millsaps and Soong completed i n  October of 1965 an exact treatment of 
the thermal boundary problem which had been treated previously by Y i h  by 
a physically unacceptable approximation. 
sent t o  an international technical jaurnal. 

The completed manuscript has been 

Experimental data on the heat transfer problem have not been obtained 
because of the  failure t o  realize the hydroaynamic experiment; however, the 
fabrication and calibration of the microthemcouples have been continued 
by M r .  A. J. Evans by studying the therrnal fields i n  Benard cells. 

5. Publications: 

D. C. D a n i e l .  The Laboratory Production of a Stable Plane Laminar Jet ,  
Mzster's Thesis, University of Florida, August, 1965, 

6. Budget fo r  Period Mqv 1 t o  November 1, 1965: 

Salaries $3, U3.10 

Ekpenses 506.84 

Capital Equipment 251.41 

T O T A L ~ I T U R E S  $3,971.35 
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Project A01 

"Influence of the T e r r e s t r i a l  hvironment on the Temporal and Statis-  
tical Characteristics of Jovian Decametric Radiation." Alex G. Smith, W. F. 
Block, W. A. Morton, G. R. Lebo, and T. I). Carr. Presented at the 2nd 
Symposium on Radio Astronomical and Sate l l i t e  Studies of the Atmosphere, 
Cambridge, rn sac l~ l se t t s .  October 19-21, 1965. (Preprint: complete text 
t o  be published i n  the proceedings.) 

"Tests for Local Modnlation of Jovian Decametric Emission." 
Smith, W. F. Block, G. R. Iebo, and W. A. Morton. 
meeting of the Southeastern Section of the American physical Society, 
University of Virginia. November 1-3, 1965. (Preprint of abstract.) 

Alex G. 
Presented a t  the annual 

Project A02 

"Observations with the 1OOO-Foot Arecibo Radio Telescope." 
D. Carr and C. Franb Tiberi .  Presenked at the annual meeting of the 
Southeastern Section of the American Physical Society, University of 
V i r g i n i a .  November 1-3, 1965. (Preprint of abstract.) 

Thomas 

"Polarization of the Ibdiation from Jupiter at Lar Freqyencies." 
D. J. Kennedy, Thanas D. Cam, and Alex G. smtth. 
meet- of the Southeastern Section of the American Physical Society 
University of V i r g i n i a .  Noveniber  1-3, 1965. (Preprint of abstract.) 

Thares I). C a r r .  (Preprint: submitted t o  Nature.) 

Presented at the annual 

"Asymmetrical Stop Zones i n  Jupiter's Exosphere." Samuel Gulkis and 

"Results of Recent Investigations of Jupiter's Decametric Radiation. '' 
T. Do Carr, S. Gulkis, A. G. Smith, J. k y ,  G. R. Lebo, D. J. Kennedy, 
and H. Bollhagen. 
were derived fram AO3.) 

Radio Science, December, 1965. (Portions of t h i s  work 

Project Atla 

"Correlation of the Longitudes of the Galilean Satel l i tes  with Jupiter 's  
Decametric Izadiation." G. R. Lebo, A. G. Smith, and T. D. Cam.  Presented 
at the American Astronomical Society meeting, Lexington, Kentucky. March 
14-17, 1965. (Reprint of abstract.) 

"Jovian Rotation Periods and the Origin of the Decametric Burst Struc- 
ture." A l e x G .  SmLth, Go R e  LebO, C. I?. O ~ S S O ~ ,  W. Fo Block, 1. F. Six, 
and T. I). Cam. 
and Planetary Conference. September 13-18, l*5+ (Preprint: t o  be 
published i n  Full in the Proceediag;s of the Conference.) 
work were derived from Project AO1.) 

Invited contribution presented at  the C2W"-JPL Inznar 

(Portions of this 



Project A03 (continued) 

"The Effect of I o  on Jovian Decametric Radio Ehission." G. R. Lebo, 
T. A. Anderson, A. Go Smith. Presented at the annual meeting of the 
Southeastern Section of the American Physical Society, University of 
Virginia. Roveniber 1-3, 1965. (Preprint of abstract.) 

"Jovian Rotation Periods." C. N. Olssm, Alex G. Smith, and G. R. 

Noven&er 1-3, 19650 
Lebo. 
American Physical Society, University of V i r g i n i a .  
( P r e p m t  of abstract.) 

Project AQ6 

Presented a t  the annual meeting of the Southeastern Section of the 

"Probe Bkammments in an Electrodeless Discharge." D. R. Keefer, 
M. H. Clarkson, and B. E. &thews. 
American Institute of Aeronautics and Astronautics, Mmterey, California. 

To be presented at the Plasma Conference, 

Mamh 2-4, 1966, (PWr ln t )  

Project A07 

"Two Simple Turbulent Flows." W. No DeCarlis, R. L. Fearn, and KMlx 
Millsaps. 

Project A08 

Jaurnal of Geophysical Research 70, 2273-2274, 1965. 

*'A Large Deflection Theory of Inflatable Shallow Shells." F. H. 
Ho and W. A. Nash. 
the American Inst i tute  of Aeronautics and Astronautics. ) 

(Abstract of paper t o  be submitted t o  the Journal of 

"Ronlinear Free Transverse Vibrations of Inflatable Shellou Shells." F.H- 
Ho and W. A. N-hm 
the American Inst i tute  of Aeronautics and Astronautics.) 

(Abstract of paper t o  be submitted t o  the Journal of 

Project Ala 

"Wec t ive  Interatomic Potentials for Liquid H e l i u m  above and below 
the A Point." Ashfaq A. Khan and A. A. Broyles. Physical Review, 139, 
Al8o!%-AlW, 1965. 

"Radial Distribution Functions of Liquid Krypton." Ashfkq A. Khan,' 
Physical Review 136, Al26O-A327g, 1964. 

Fluidsm" 
"Approximate Methods f o r  obtaining Radial Distribution Functions of 

Physical Review 137, Ak-A50, 1965. 

"Interatomic Potentials and X-Ray-Diffraction Intensit ies of Liquid 

Do D. Carley and F. Lado. 

Xenon." Ashfaq A. Khan and A. A. Broyles. Journal. of Chemical. Physics 43, 
43-48, 1965. 

"Recent Studies of the Classical Electron Gas." D. D. Carley. 
(Accepted fo r  publication i n  the Journal of chemical Physics.) 
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Project ~ l 6  

"Collision Induced Dissociation of %+ Ions i n  V a r i o u s  Gases." R. L. 
Champion, T. Lo Bailey and L. D. Doverspifre. 
Section, American Physical Society Meeting, University of Virginia. 
November 1-3, 1965. 

"&gular and Energetic Studies of Reactive Ion-I?eutral collisions." 
T. L. Bailey, R. L. Qampion, L. D. Daverspike, and J. J. Leventhal. 
Presented at the IVth International Conference on the P h p S i C S  of Electronic 
and A t a d c  ColllsLom, aebec. August, 1965. 

Presented at hutheastern 

Project Alg 

"Photoelectric Photometry of 4-41 Bootis." K-Y Chen and D. A. 
Rekenthaler. 
of the American Physical Society, University of V i r g i n i a .  
1965. (Preprint of abstract.) 

Presented at  the agTluLil meeting of the Southeastern Section 
Noveniber 1-3, 

Project A2l 

"Velocity-Dependent Nucleon-Nucleon Interaction." A. E. S. Green and 
American Physical Society, New Yorlr Meeting, January 27-28, R. D. Sharma. 

1965. XU.. Amer. m. SOC. 10, 71 (1965). 

"Mesonic E3Ucleon-Ihleon Potentials," A. E. S. Green and R. D. 
S h a m .  American physical Society, Washington. April 26-29, 19650 
Bull. her. Phys. Soc. 10, 448 (1965). 

"Velocity-Dependent Nucleon-Ihcleon Potentials." A. E. S. Green and 
R. D. Shsrma. F'hysical Review Letters 2, 380-383, 1965. 


